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ABSTRACT : 

CHG DATE=19990617 STATUS=0> A PTC thermistor device 
comprises at least two 

flat bodies (20,22) of PTC material, the bodies being 
connected electrically in 

series and being in thermal contact with each other. The 
device is able to 

withstand greater surge currents than a single body of the 
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@ Thermistor. 



f A PTC thermistor device comprises at least 
two flat bodies (20,22) of PTC material, the 
bodies being connected electrically in series 
and being in thermal contact with each other. 
The device is able to withstand greater surge 
currents than a single body of the same material 
of equivalent overall size. 
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This invention relates to a thermistor with a pos- 
itive temperature coefficient (or PTC thermistor) able 
to withstand greater surge currents than prior art 
thermistors of similar type. 

A PTC thermistor exhibits a resistance which is 
relatively low below a predetermined temperature, 
but which increases rapidly by several orders of mag- 
nitude above that temperature. One important appli- 
cation of PTC thermistors is to the protection of elec- 
trical and electronic equipment against high voltages 
and/or heavy currents which may arise under fault 
conditions. Thus, a PTC thermistor is connected in 
series with the equipment to be protected and under 
normal conditions, because its resistance is low, has 
no effect upon the operation of the equipment How- 
ever, in the event of a fault which causes an excessive 
current to flow, the thermistor heats up and its resis- 
tance increases rapidly to the higher value, thus re- 
ducing the current to a safe level. Once the fault is 
cleared, the thermistor cools and effectively resets it- 
self to its lower resistance value. 

A fault may occur abruptly, in which case the pro- 
tective thermistor may be subjected to a heavy initial 
current surge, which it must be able to withstand. 

A known type of PTC thermistor comprises a flat 
body of semiconducting ceramic material (e.g. in the 
shape of a disc) provided with conducting electrodes 
over its opposite faces: electrical contact is made to 
the electrodes either by soldering wires to them or by 
means of sprung pressure contacts. 

When subjected to a large surge current, a cer- 
amic PTC thermistor heats up in a non-uniform man- 
ner, with the material at the middle of a disc-shaped 
element heating up more rapidly than the material ad- 
jacent the opposite flat faces or adjacent the periph- 
eral edge. This non-uniform heating causes non-uni- 
form thermal expansion which in turn gives rise to 
mechanical stresses: if these stresses are excessive, 
the ceramic body fractures and the device fails. Also, 
it has been found that the larger the potential that is 
developed across the middle region of the device, as 
in the case of a high supply or fault voltage, the great- 
er is the rate of localised heating in this region and 
therefore the greater is the risk of fracture. 

It has been found in practice that the maximum 
surge current density, which a ceramic PTC thermis- 
tor can withstand in a high voltage circuit without fat- 
ing, decreases as the thickness of the element in- 
creases, relative to its diameter. Hitherto this has lim- 
ited the ability to provide a ceramic thermistor thick 
enough to wit hstand a high voltage whilst at the same 
time capable of withstanding a high surge current 

We have now devised a PTC thermistor device 
which overcomes these difficulties. 

In accordance"with this invention there is provid- 
ed a PTC thermistor device which comprises at least 
two flat bodies of PTC material which are connected 
electrically in series and which are in thermal contact 



with each other. 

Preferably the flat bodies of PTC material are dis- 
posed face-to-face with each other. Preferably the 
opposite faces of each PTC body are provided with 
5 conducting electrodes. The adjacent faces of the or 
each pair of PTC bodies may be bonded together by 
means of an electrically and thermally conducting 
composition e.g. solder preferably the layer of bond- 
ing composition terminates short of the peripheral 
10 edges of the PTC bodies. 

We have found that PTC thermistor devices in 
accordance with this invention are able to withstand 
a higher surge current than devices consisting of a 
single body of the same PTC material and of the same 
15 cross-section and thickness. 

Embodiments of this invention will now be descri- 
bed by way of examples only and with reference to 
the accompanying drawings, in which: 

FIGURE 1 is a section through a prior art PTC 
20 thermistor; 

FIGURE 2 is a section through a first embodi- 
ment of PTC thermistor in accordance with this 
invention; and 

FIGURE 3 is a section through a second embodh 
25 ment of PTC thermistor in accordance with this 
invention. 

Referring to Figure 1 of the drawings, there is 
shown a prior art ceramic PTC thermistor, comprising 
a flat disc 10 of PTC semiconductor material, specif- 
30 teally a barium titanate ceramic which is doped to ren- 
der it semiconducting. The opposite flat faces of the 
disc 10 are provided with metallic electrodes 11, 12, 
deposited for example by a sputtering process. Termi- 
nal wires 13, 14 are connected to the electrodes 11, 
35 12 by soldering. 

Figure 2 shows a thermistor device in accor- 
dance with this invention, comprising two flat discs 
20, 22 of the ceramic PTC semiconductor material, 
each disc being provided with metallic electrodes 23, 
40 24 and 25, 26 over its opposite feces. The two discs 
20, 22 are bonded together face-to-face by a layer of 
solder 27, which preferably terminates short of the 
peripheral edges of the discs. Terminal wires 28, 29 
are soldered to the outer electrodes 23, 26 of the 
45 composite device. 

The overall thickness of PTC material between 
the outer electrodes 23, 26 determines the maximum 
voltage which the device is able to withstand. Be- 
cause the two discs are in thermal contact, any ten- 
se dency is avoided of one disc heating up significantly 
quicker than the other and therefore adopting its high 
resistance on its own. We have found, however, that 
the device of Figure 2 is able to withstand a signifi- 
cantly greater surge current than a device of Figure 
55 1 having the same diameter and overall thickness. 
One possible reason for this is that the provision of 
electrodes (24, 25) within the device leads to a more 
uniform distribution of current through the ceramic 
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bodies, and therefore more uniform heating resulting 
in less mechanical stress. Another possible reason is 
that because the discs comprise a quantity of powder 
which has been pressed and then sintered, the den- 
sity and resistivity of the ceramic material may be s 
more uniform in a thin disc than in a thick disc, lead- 
ing to a more uniform temperature distribution when 
subjected to a fault current 

Further, a degree of radial movement of one disc 
relative to the other may occur, in the device of Figure 10 
2, particularly as the layer of solder 27 terminates 
short of the peripheral edges of the discs. Thus, it is 
possible for one disc to heat and expand more rapidly 
than the other, without creating excessive mechani- 
cal stress within either disc. 15 

Whilst the device of Figure 2 comprises two discs 
disposed face-to-face in thermal contact and con- 
nected electrically in series, the device may comprise 
any number of discs mounted in a stack, such as three 
discs 30, 32, 34 as shown in Figure 3. 20 

Whilst Figures 2 and 3 show devices comprising 
discs, flat PTC ceramic bodies of any alternative 
cross-sectional shape may be employed. 

Also, whilst Figures 2 and 3 each show flat cer- 
amic bodies provided with electrodes overt heir oppo- 25 
site faces and then bonded together, they may in- 
stead be mechanically clamped together e.g. under 
spring pressure. 



Claims 

1) A PTC thermistor device which comprises at 
least two flat bodies (20,22) of PTC material, said 
bodies being connected electrically in series and be- 35 
ing in thermal contact with each other. 

2) A PTC thermistor device as claimed in claim 1 , 
in which the flat bodies (20,22) of PTC material are 
disposed face-to-face with each other. 

3) A PTC thermistor device as claimed in claim 2, 40 
in which the opposite faces of each body (e.g. 20) of 
PTC material are provided with conducting electro- 
des (23,24). 

4) A PTC thermistor device as claimed in claim 2 

or 3, in which the adjacent faces of adjacent bodies 45 
of PTC material are bonded together by an interposed 
layer (27) of an electrically and thermally conducting 
composition. 

5) A PTC thermistor device as claimed in claim 4, 

in which the layer (27) of bonding composition termin- so 
ates short of the peripheral edges of the bodies 
(20,22) of PTC material. 

6) A PTC thermistor device as claimed in claim 2 
or 3, comprising clamping means acting to mechani- 
cally damp together the flat bodies of PTC material. 55 
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